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The characteristics of X-, S-, and L-band radar echoes from F-80
aircraft, with and without wing tanks, are presented in this report, Ampli-
tude distributions of ten-second samples of the F-80 echo show that the
genoral range of echo fluctuation is scmewhat less than that found in pro-
peller-driven aircraft or in large jet aircraft, The relative fluct@tim
of the echo 1s least near broadside, where the large echo component_ arising
from the fuselage dominates the total echo, No clearly discernible effect
of the wing tanks is found in the amplitude distributions, presunably owing
to the small redar area of the wing tanks, |

At certain aspects, however, the wing tanks apparently caused a
distinot modulation in the echoes at rates proportional to radar _frequénoy.
Aside from such modulations, the fluctuations of the F-80 echo had continuous
low=frequency spectrums of width proportional to radar frequency.

For the aspects measured, the average median redar area outside of
the broadside region 1s roughly independent of frequency »and is equal to
about 1 square meter, For the broadside region, which has a two-humped
shape, the average median radar area is equal to 20 square meters, Presence

of wing tanks did not affect the average S-band median radar area appreclably.
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CONFIDENTIAL
Intrcduotion

In elaven previcus reports, (1)-(1) characteristics of radar echoes
from various eireraft were given, This report, the twelfth of the series,
givea the complete results obtained for the F-80, with and without wing
tanks, The mcasurements on ths I~80 were .ta.):en during three days of opera=
tion, tut ahsoluie X~bari results were deducible for only the final day's
runs, owing -t')o ‘ca;'.ibration diffioulties on the earlisr days,

The amplitude distributions plotted in Figs, 2-6 are representative
ten-second (1200-pulec) samples of the encountered airplana aspects (defined
in Fig, 1). In these Figures, cumulative distributions of echo pulse ampli-
tudes are plotted, ths ordinate being 10 log,, 7~ (0" = redar area in square
meters), and tho"absciau,‘ the pez"cent of time the emplitude of the bbaermd
echo oxcseds the ordinate, For comparison, a straight line is drawn with
tho same slope as the theorstical cumulative distribution (Rayleigh diastribu-
tion) of noise powers,

On the various plots, pointe indicated by [}, O and A\, vrepreaan’e
X-, S~, and L-band observations, reépectively. Thus, dia*‘aributibna piotted
.agaiﬂst a single ordinate scale reprasent simultanecus observations, at twe
different radar fregquencies, of the distribution of radar areas, the inten-
tion being to emphasize differences between ths redar area distributicus,

Again for purposes of comparison, at the top and bottom of each figure are
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CONFIDENTIAL

distributions pertaining to the F-80 with and yithout wing tanks, respectively,
for roughly the same aspect angles,

In the main, the amplitude distributions can be fit;ted well vith straight |
lines corresponding to the theoretical Rayleigh distribution, Where the echo
from the fuselage is strong, namely at azimuths 80° = 100° (Fig, 4), there is
some tendency for the beast=fitting straight lines to be more nearly horisontal

than the thooreticel Rayleigh lines, Generally speaking, this tendency is
most marked for the L-bard distributions, This can be e:;pld.nod in the
following ‘way! - ’

The Rayleigh distribution is that expected if the echo were composed
of a large number of component echoes having a large variety of relative
phases during the period of echo measurement, The fact that the F-80 echo
is approximately Rayleigh distributed (i,e,, well fitted with the thecretical’
Rayleigh line) implies that there ave several 'bright points!, or strongly
echoing parts of the F~80 surface at the observed aspects, and, fﬁrthemore,
that fhe relative phases of tﬁe echoes from the several bright points are
changed‘ through several radians as the aircraft'!s aspect changes during the
ten seconds of observation, As the rate of phase variation is proportional
to the radar frequency, other things being equal, the L-band echo ccmponents
would have the least relative phase variation, and hence the L-band echo
should be the steadiest among thé three frequencies used. This serves to
explain the occasionally relatively steady L-band echoes, indicated in the

CONFIDENTIAL
Q=

TR Mt b b ATl o s .

T et

TR VDN, TR A S

RS T

SR s b o s S b mni i =it

e s

i A e

Piniwrewiieet




CONFIDENTIAL

plots (e.g. Figs. 3 and 5) by an L-band distribution baving a more gradual

slope than the simultaeneously observed S- and X-band distributions, The

horizontal tendency at azimuth angles 860 - 930 (Fig, 4) seems attributable

to the fact that the echo from the fuselage is by far the strongest component

echo, Aoccording to plan drawings of the F=80, the fuselage is curved, so

that its echo should persist with relatively constant magnitude throughout

the sempled 70 of aspect, unless the wing should shadow the point of gecmetrie

roeflection, Echoes from the m:.nder of the F=80 are apparently too weak

to cause the usual degrees of fluctuation through constructive and destructive

interference with the dominant fuselege echo, - :
The presence of wing tanks appears to make little difference in the

~ amplitude distributions, showing the relative smallness of the wing=-tank

ochoes at the azirmths sampled, The wing tank creates one mors "bright

point® from which the echo phase varies relatively rapidly, owing to the

physical distance of the wing tank from the fuselage, where the bulk of the

| bright points 1lie, Thus the addition of the wing tank should result in echoes

move nearly Rayleigh distributed than those observed at the same aspect inter-

val in the absence of the wing tanks, The aversge radar srea (the ordinate

at the 63rd percentile) is increased by the average redar area of the wing

teank, Thus if, for & particular band of aspects, tha redar area of the wing i

tank averages 25% of that of the rest of the F-80, the total F-80 radar area

is increased by a factor 1,25, or about 1 db, an increase too small to detect
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with any certainty, Under the same circumstances, however, the voltage
amplituds of the wing tank echo is 50% of that from the rest of the aircraft,
80 that the echo fluctuations producsd by the addition of the wing tank cen
be quite marked,

Ths theoretical radar echo from a Jet aircraft is discussed in more
quantitative detail in Report VIII, which deals with the radar properties
of the B-45, Amplitude distributions of the B-45 echo were more nearly
Rayleigh distributed than is the case with the F-80, owing to the more
extended atructure of the B-4i5 as a radar echoerj the jet pods of the F-80
are faired into tﬁo fuselage, while those of the larger B-45 are mounted
on the wings,

-Aspsect Dependence

- Each of Fige, 7-16 covers one flight of the aircraft, and consists of
three graphs, The uppermost graph of each figure cousists of a plot of the
aircraft's aspect, as defined in Fig, 1, versus range in thousands of yards,
.Each graph consists of three sets of points, each set being connected by
straight 1line aeg:nents.' Each point represents about cne second of data, ‘and
data taken simultaneously are eligned vertically so that the uppermost point
in each graph is the maximum, the middle point is the median, and the lowest
point is the minimum radar area occurring in that second, The radar area as
plotted contains variations due to interference lobes caused by ground reflec-
tions, At the conter of each lobe, or integral number of lobes, the symbol
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CONTIDENTIAL

(@) indicates ﬁho median value (reduced to "free-space® value in accordence
with the procedure described in the Appendix to (2)) of the cne-second median
radar area values for that lobe or integral number of lobes, and these median
values vere used in determining the median value of ¢~ for each five degrees
of asimth as described below, |

At the bottom of each plot, the step~like curve gives the readar ares,
in 1 db increments, of & target just detectable by the radar at the particular
range (negleoting the receiver recovery time characteristic), Therefors, the
step-curve really ropresents minimum detectable area only at ranges beyond
receiver recovery,

The data were divided into intervals, each of which spanned five
degrees of azimuth, For esch such interval the median of the cne-secand
nmedisn points was determined for each frequency, These "median-median® )
values are plotted in Fig, 17 for the F-80 with wing tenks (Figs, 7-13) and
?‘ic. 19 for the F-80 without wing tanks (Figs, 14-16).

The target azimuth, as calculated from the recorded asimuth of the
optically pointed rader and the true heading assigned to the F-80 for the
particular run, was not concordant with the azimuth detérmined from the
positions of the echoes from the fuselage, The differences ranged from 5°
to 20°, The azimuth angles, therefore, have been changed to agree with the
expected positions of the fuselage echoes, Due to the absence of a broadside

echo in Runs 7 and 11 for 3/1/50, the agimuth angles quoted in Figs, 22, 25,
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CONFIDENTIAL

28 and 33 were calculated from the recorded agimuths, and are therefore un-
certain, | .

Both the agimth correction and the nature of the F-80 echo near broad-
side aspect may be discussed with reference to tho aircraft's structure, as
revealed in plan drawings of the F-80, These drawings show that the forward
portion of the fuselage may be fitted with a forward-pointing truncated cone
of half-angle 7-3/4°, and the stern porticns by a rearvard=pointing truncated
cone of half-angle 7-1/49, The central portions of the fuselsge are pertially
~ hidden from the radar by the wing, Thus the echo from the fuselage should
rise rather sharply near asimuth 82° and peak again sharply near asimth 979,
making the angular range of fuselage echo between peasks about ;5". In all

F=80 runs providing upecfo in this azimith region, echoes attributable to
the fuselage were found through azimuth bands of the anticipated angular
w;dth, but. having a variety of non:lﬁal asimuths as calculated from assigned
headings, thus, as far as was possible, aspects listed in this report have
been corrected to make the fuselage echoss maximum at listed azizuths 820 and
97° respectively,

Between the forward and aft conical sections, the fuselage of the F-80
tapers in a long curve, the central portions of which are partially hidden by
the wing. ‘Uith this structure, the fuselage would be expected to produce an
echo independent of radar frequency over at least the range X to L band, A
plot of fuselage echo versus aszsimuth thus should be a two-lumped affair, the
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CONFIDENTIAL
relatively weak echo between the humps showing the shadowing effect of the
wing, éuch a plot should represent the total F~80 echo for these azimuths,

if the echoes from the remainder of the eirplane are relatively weak, as
seems probable, even with the wing tanks, This reasoning serves to oxj:lain

the similarities found emong Figs, 7-16 over azimuths 78°’ through 1020 for
all cases vhere saturation effects or ground clutter do not eliminate the
two-humped appearance of the broadside feg:lon echo, The two-humped feature
of the asimith dependance is clearly evident in Figs. 17-21,

On theoretical grounds, the wing tanks should not raise the gverage
echo power level significantly., As a first approximation, the wing tenk may
be regarded az & 1/3 scale model of the fuselage, mounted parallel to the
fuselage, For most aspects, one can calculate the radar area by the prin-

ciples of ph&aical optics, According to these principles, the radar area of -

the wing tank should always be (1/3)2 the radar area of the gecmetrically
sinilar, similarly oriented fuselage, Thus at all aspacts, a single wing
tank's echo power approximates 1/9 that of the rest of the F-80,

" The aspect angles of the present measuring program always provided a
clear line-of-sight view of both wing tanks (if the F-80 had been in level
flight) and both must therefore be considered in discussing the radar echo,

The wing tank is a tsar-drop-shaped figure of revolution, mounted under the
wing tip approximately tangent to the lower surface of the wing, Over the
79 agimith interval 909 = 970 radar rays cun be reflected by the under sur-
face of the wing farthest from the radar, to strike the far wing tank at
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CONFIDENTIAL

normal incidence, Thus, in this narrow azimuth band, both the far wing tank

and its mirror image in the under surface of the wing can produce radar echoes,

vhich combine at the radar with relative phases determined by radar wavelength
and the elevation angle, The total echo of the far tank and its image can be
up to 16 times a8 powerful as the echo from the isolated wing tank, though
this figure must be somewhat reduced owing to the slight positive cur.;aturos
of the wing surface, Ignoring this curvature, and averaging over elevation
angles, givesan average echo power, for the far tank and its image, of four
times that of the isolated wing tank, a figure applying in the azimuth inter-
val 90° = 479 only, In other azimuth intervals, there is no mirror image of
the far wing tenk, end its echo power is about the same as that of the near
wing tenk, Thus tl_:a total echo power produced by the wing tanks averages
twice the echo power of a single wing tank, except in the aspect interval
90¢ - 970 whe_re the average may be five times that of the single wing tank,
It seems reasonable to estimate that the e;zho power contributed by both wing
tanks, averaged over all aspects, is about three times the average echo power
that would be produced by a single wing tank, viewed over all aspects, IThua
the average power addéd to the F-80 echo by the wing tanks is estimated as
3/9 = 33% of the average echo power in the absence of wing tanks, This
theoretical enhancement is about 1.2 db, In spite of the generous allowance
for three tanks, the estimate may be somewhat low, owing to the fact that
some of the stronger echoes from the fuselage are cut off by the wing, This

CONFIDENTIAL .
PP PR 8=

Te s i — e b
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shadowing occurs in the azimuth interval 859 - 959, as is most obvious in
Fig, 21, In this figure, it will be noticed that the S-band radar area for
the F-80 without wing tanks averages some 2-1/2 db lower. in the azimuth
interval 859 -~ 950 than the S~band area for the tank-carrying F-80, In this

' aspect interval, then, the presonce of the wing tanks does make a significant

difference in the average radar ares,

Erequenoy Pspendence _ _

To obtain féi:reaentativo neasures of the radar area of the F-80, the
following proocedure was carried cut Zor each radar frequency employad, Fran
Fig. 17 for the F=80 with ving tanks snd from Fig. 19 for the ¥-80 without

wing tanks, a single number for the radar area was obtained on each frequency

for each five-degree azimuth interval by averaging all the "median-median®
areas (in square meters) in that az:hmith interval;, without i'ogard to eleva~
tion angles involved, The results are plotted in Fig, 18 for the F~80 with
wing tanks and in Fig, 20 for the F-80 without wing tanks, separate symbols
being used for each frequency, |

In order to arrive at a factor representing frequency dependence,
the following procedure was. used: The five-degree averages discussed above
which contained data on both L and S bands (for the F-80 with tanks) were
solected, The ratio of L-band area to S-band area was determined for each
interval, and the average value for all the common intervals found. A
similar procedure was carried out for the S~ and X-band data (for the F-80
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without wing tanks), Finally, the common fivé-degree intervals for which
S~band data were available for the F-80 with and without w:lng tanks were
processed in the same way. The average ratios found are given in the fo].j.aw-
ing table, together with the number of common five-degree' intervals for which

data were availables

. Ratio No, of Intervals
(/o s) avg, A 1.3 18
(o y/ag) ave. A 8
(a-tanka/o'no tmka) ave. 1.5 A

In view of the limited number of common intervals, the conclusions which
can be drawn are that the average radar area is roughly independent of
frequency and that the presence of wing tanks makes a small difference,
at most, in the average radar area,

Since the average radar area is found to be éssentia]_.ly independent
of frequency, the data on all frequencies were used to find repfeaentativo _
average values of radar area, For the region excluding the broadside region
of strong echoes (i,e,, gutsidg the azimuth range 70° - 110°0) the average .
radar area cames out t.o be ;.3 square meters, For the broadside region
(700 - 1109), the average radar area is 20 square meters, The broadside
region has a two~humped structure, as discussed previously, eso that for

greater detail Fig. 21 should be used,

Fluctuations of the F-80 Echg

Spectrums of selected five-second samples of F-~80 echoes were
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prepared acc;:rding to the procedure described in Report VII, The necessary
plots of video voltage versus time are shown in Figs, 22-27 and the spectrums
for aspacts near head-on, near broadside, and toward the t.a:li are shown in
Figs, 28-35, Following the method described in Report IX, the spectrums are
also plotted against an expanded frequency scale,

The pulse=by-pulse voltage plots on each figure reprcduce, from top
to bottom, the L-, S-, and X-band echoes obtained from the F-80 at approxi-
mately one aspect and one general angular rate, Especlally on Fig, 24, it
is apparent .that the same general average echo bebavior is found on all
three £’requencie§, witi fluctuation pates, however, roughly proportional to
radar frequency, Thus, in the spectrume of Figs, 31 and 32, the I,- and S-
band spectrums are roughly the same as the corresponding X-band spectrum
(on a given figure) except for compressions of the frequency scale,

| The F-80 structure is fairly compact, with only the thin wings (and
the wing tanks) providing sources of radar echoes elsewhere than from the |
fuselage, In the plane of the wing, the echo from the wing proper is quite
small, owing to the wing's sharply curved leading and trailing edges., The
principal radar echoer well removed from the fuselage is the wing tenk, The
tear-drop shape of the wing tanks is such that its echo is maximum near broad-
slde., The wing tank echo should taper from this maximum as the azimuth in-
creases, and become almost negligible beyond azimuth 1029, since the half-
angle of the conical stern of the wing tank is roughly 120 = 1020 - 90°, At
broadside the wing tank lies on the line of sight between the radar and the
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fuselage, Hence the Itank and the fuselage have about the same speed away
from the radar, and ‘tha relative phase of their echoes does not vary rapidly,
Tma the wing tank éauaea only slow echo fluctuations near broaedside aspect,
where its echo is aﬁrongeat. At aspect 1000 the wing tank ecl.o is still
reasonably strong, and it can beat reascnably rapidly with the echo from the
after~portion of the fuselage, which should produce the major echo component,
(The discussion of Report VIII gives the relevant theory for jet aircraft
echo. fluctuations in quantitative detail,) | |

The distinct frequencies visible on the 3~ and X-band voltage plots
of Fig, 24 (1099 = 112° azimuth) may well be caused by interference among
the echoes from stern portions of the fuselage and the tapering aft port.ion‘
of the two wing tanks, Along the course flown, the nominal angular rate of
the F-80 relative to the radar wci 0,69 or Ol redian per second, The sepa~
ration of the after-cone of the F-80 and the nearer wing tank is about 25
feot, or 250 X-band wavelengths, Frojucted on a plane normal to the radar's
line~-of-sight, this meparation is roughly 220 wavelengths, or 440 half-wave=
lengthas, (The similar separation between the two wing teanks is about 400 ,
wavelengths,) At the approximate engular rate of ,0l radian/sec, the result-

ing X-band fluctuation frequency is (.01)x(440) = 4.4 cps, about that (4.3 cps)

discernible on the X-band voltage plot of Fig, 24, and also in the corres=-
ponding spectrum at the bottom of Fig, 32, In the middle spectrum of this
figure, the corresponding S-band frequency is found at 1,2 cps, This 1,2 cps
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S-band fluctuation frequency is related to the corresponding observed X-band
frequency 4.3 cops according to

A2 0P8 ~ &= 8.
4,3 cps X-band radar frequency ,

ehoﬁing that the two fluctuation frequancies arise from the phase differences
between the same physical parts of the airplane,

Although the foregoing discussion is qualitatively correct, it is
difficult to deduce quantitative information about the radar areas of various
parts of the F-80 from either Fig, 24 or Fig, 32, One would have to explain
why the intense modulations, observed in the voltage plots of Fig, 24, fade
out at the right hand sides, (Corresponding to this fading, the spectrums
of Fig, 31 "scintillate™ at the respective modulation frequencies, owing to
the finite i'esponse time of the spectrum analyzer,) Secondly, it is diffi-
cult to assign physical locations for strongly echoing aurfé.cea of the F-80
at the 1isted asimuth, 1120, Thirdly, koth wing tanks are visible to the
redar when the F-80 is in level flight at f..he listed 5,39 - 5,59 elevation,
and botl probably give commensurable echoes, At the listed azimuth, the
line of sight to the far wing tank passes under the aft section o:t“ the fuse-
lage, The fadeout of the signal might possibly be explained by attributing
a large part of it to the far wing tank ani assuming that the F-80 dipped
the near wing during the five seconds under consideration, If this wing
dipped a mere 59, it would cause the line of sight to the far wing tank to
pass through the fuselage, thereby cutting off the echo from the far wing tank,
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Thus, various combinations of one or two wing-tank echoes would have
to bs considered, depending particularly on the amount of roll which occurred

during the flight, In the absence of such roll information, it is not poaaibio

1o provide a coamplete detailed explanation of the observed spectrum charace

teristics,

Sonclusions
The characteristics of X-, S-, and L-band redar echoes from F-80

aircraft, with and without wing tanks, are presented in this report, Ampli-
tude distributions of ten-second samples of the F-80 echo show that the
general range of echo flucutation is somewhat less than thet found in pro-
peller-driven aircraft or in large jet aircraft, The relative fluctuatiom
of the echo is least near broadside, where the large echo component arising
from the fuselage dominates the total echo, No clearly discernible effect
of the wing tanka is found in the amplitude distributions, presumably owing
to the small radar area of the wing tanks,

At certain aspects, however, the wing tanks apparently caused a
distinct modulation in the echoes at rates proportional to radar frequency,
Aside from such modulations, the fluctuations of the F-80 echo had contimuous
low-frequency spectrums of width proportional to radar frequency. |

For the aspects meaéured, the average median radar area ocutside of
the broedside regio;x is roughly independent of frequency and is equal to
about 1 square meter, For the broadside region, which has a two~humped
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shape, the avsrage median radar area is equal to 20 square meters. Presence
of wing tankp did not affect the average S-band median radar area appreciadbly.
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